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Purpose: In this study, we investigated the therapeutic potential of regulated negative 
pressure vacuum-assisted wound therapy for inguinal lymphatic complications in 
critically ill, liver transplant recipients. 

Methods: The great saphenous vein was harvested for hepatic vein reconstruction 
during liver transplantation in 599 living-donor liver transplant recipients. Fourteen 
of the recipients (2.3%) developed postoperative inguinal lymphatic complications 
and were treated with negative pressure wound therapy, and they were included in 
this study. 

Results: The average total duration of negative pressure wound therapy was 23 days 
(range, 11 to 42 days). Complete resolution of the lymphatic complications and wound 
healing were achieved in all 14 patients, 5 of whom were treated in hospital and 9 as 
outpatients. There was no clinically detectable infection, bleeding or recurrence after 
an average follow-up of 27 months (range, 7 to 36 months). 

Conclusion: Negative pressure wound therapy is an effective, readily-available 
treatment option that is less invasive than exploration and ligation of leaking 
lymphatics and provides good control of drainage and rapid wound closure in 
critically ill patients. 



INTRODUCTION 

Lymphatic complications, such as lymphorrhea, lymphocutaneous fistula, and 
lymphocele, are uncommon after saphenous vein harvest in the inguinal area, but 
their treatment represents a serious challenge especially in critically ill patients [1-3]. 
Current treatment modalities for lymphatic complications are time consuming and 
moderately successful. Recent data suggest that creating a subatmospheric pressure 
by vacuum-assisted closure therapy supports the wound healing process [4-6]. 

In our institution, we used the autogenous great saphenous vein for hepatic vein 
reconstruction during living-donor liver transplantation [7,8]. There is an increased 
risk of infection, bleeding and delayed wound healing in liver transplant recipients 
with inguinal wounds, because of immunosuppresion, immediate postoperative 
deterioration of liver functions and poor nutritional status. The purpose of this study 
was to investigate the therapeutic potential of regulated negative pressure vacuum- 
assisted wound therapy for inguinal lymphatic complications in living-donor liver 
transplant recipients in whom the great saphenous vein was harvested for hepatic 
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vein reconstruction during liver transplantation. 

METHODS 

Between January 2010 and December 2011, the great saphe- 
nous vein was harvested for hepatic vein reconstruction during 
liver transplantation in 599 living-donor liver transplant 
recipients, and the clinical details are summarized in Table 1. 
Of these, 14 patients (2.3%) developed postoperative lymphatic 
complications, even though lymphatic drainage was performed 
through a Jackson-Pratt Drain in the inguinal wound. These 
14 patients were treated with negative pressure wound therapy 
and are the subjects of this study. The following demographic 
and medical background variables were recorded for all 
patients: age, gender, body mass index (BMI), presence of 
risk factors, indications of liver transplantation, type of lym- 
phatic complications, time from surgery to application of 
negative pressure wound therapy, total duration of negative 
pressure wound therapy, and follow-up information. This 
study is a prospective exploratory study with approval from 
the Institutional Review Board. All information pertaining to 
the subjects were used in compliance with Korean legislation 
and all the participants gave written informed consent. All 
data analysis was performed using SPSS ver. 15.0 (SPSS Inc., 



Table 1. Clinical characteristics of 599 living-donor liver transplant 
recipients between January 2010 and December 201 1 



Characteristic 


Value 


Age lyr) 


51.9119-721 


Sex 




Male 


458 176.51 


Female 


141 (23.5) 


Causes of liver transplantation 




HBV LC 


421 [70.3I 


Alcoholic LC 


73112.21 


HCV LC 


3015.01 


Cryptogenic LC 


2213.7) 


Fulminant hepatic failure 


2213.7) 


Autoimmune disease 


1011.71 


Wilson's disese 


711.21 


Others 


1412.31 


Operation (graft typel 




Right lobe 


545191.01 


Left lobe 


711.21 


Dual graft 


4717.91 



Values are presented as mean (range) or number (%). 

HBV, hepatitis B virus; LC, liver cirrhosis; HCV, hepatitis C virus. 



Chicago, IL, USA). 

Conventional immunosuppressive therapy for adult liver 
transplant recipients at Asan Medical Center consisted of 
interleukin-2 receptor inhibitor (basiliximab) on days 0 and 
4; an intraoperative steroid bolus (5-10 mg/kg), intravenous 
or oral calcineurin inhibitor (CNI) and corticosteroid recy- 
cling since day 1; adjunctive mycophenolate mofetil (MMF) 
for patients showing CNLassociated side effects or for 
immunosuppressive augmentation for suspected mild acute 
cellular rejection. For oral CNI, tacrolimus was usually 
preferred, but tacrolimus and cyclosporine were occasionally 
exchanged for control of CNI-associated side effects. The 
target tacrolimus concentrations were around 15 ng/mL for 
the first two weeks! 12 ng/mL for months 1-3; 8-10 ng/ 
mL within one year; 5-8 ng/mL for years 1-2; 5 ng/mL 
for years 3-5; and below 5 ng/mL after five years. The two 
main reasons for combined tacrolimus and MMF therapy 
were to reduce tacrolimus concentration (CNI sparing) to 
relieve nephrotoxicity or other side effects and to augment 
immunosuppressive activity (MMF add-on) against unstable 
liver enzyme levels. MMF monotherapy was avoided during 
the first three months except for very unusual circumstances 
such as serious side effects from CNIs; for intractable nephro- 
toxicity of CNIs, combined immunosuppressive therapy and 
hemodiafiltration were performed. After the first three months, 
combination therapy with minimal CNI was attempted for 
patients showing intractable intolerance to CNIs [9]. 

The diagnosis of lymphatic complications was made clini- 
cally based on continued drainage of large amounts of clear 
fluid (>150 mL/day, for >72 hours) from the inguinal incision, 
continued drainage through the disrupted inguinal wound 
or the presence of a cystic collection of lymphatic fluid in 
the soft tissue of the healing wound: these complications 
were categorized as lymphorrhea (continued clear fluid 
drainage through the Jackson-Pratt Drain without wound 
disruption), lymphocutaneous fistula (continued clear fluid 
drainage through the disrupted wound) and lymphocele (a 
cystic collection of lymphatic fluid in the healing wound). 
The initial therapeutic approach for lymphatic complications 
was conservative treatment: frequent heavy dressings with 
bed rest for lymphorrhea and lymphocutaneous fistula, and 
percutaneous aspiration to relieve patient symptoms for 
lymphocele. In this study, indications for negative pressure 
wound therapy were that 1) lymphatic drainage was not 
decreasing 72 hours after conservative treatment; 2) continued 
drainage increased the risk of inguinal wound infection! 
and 3) the patient had symptomatic recurrence after multiple 
aspirations. 

For negative pressure wound therapy, we used a regular 
black sponge polyurethane foam dressing with a continuous 
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negative pressure of 125 mmHg (CuraVAC, BioAlpha Inc., 
Seongnam, Korea) (Fig. 1). The dressings were changed twice 
a week in the hospital. Once adequate control of drainage was 
obtained and transplanted liver functions were normal, the 
patient were discharged home with a portable suction unit. 
They measured the amount of drainage daily and attended 
the outpatient clinic for dressing change every week until 
the wounds were completely healed. The decision to stop 
the negative pressure wound therapy was based on minimal 
drainage (<10 mL/day) from the wound for 2-3 days and good 
wound healing in terms of granulation tissue formation. After 
completion of the negative pressure wound therapy, delayed 
primary closure was performed and none of the wounds 
required skin grafting. 

RESULTS 

Fourteen patients who developed inguinal lymphatic com- 
plications following living-donor liver transplantation were 
treated with negative pressure wound therapy: 11 lym- 
phorrhea, 2 lymphocutaneous fistula and 1 lymphocele. The 




Fig. 1. Application of negative pressure wound therapy, consisting of putting a 
conventional black sponge polyurethane foam dressing into the inguinal wound 
cavity, connecting it to a vacuum pump with a tube and covering it with an adhesive 
drape. 



male-to-female ratio was 9:5, and the mean age and BMI of 
the patients were 51 years (range, 33 to 64 years) and 26.11 
kg/m 2 (range, 18.23 to 31.87 kg/m 2 ), respectively. Two patients 
had comorbid diabetes mellitus; 2 had comorbid hypertension! 
and 6 were current smokers. Indications for living-donor liver 
transplantation in these patients were hepatitis B cirrhosis with 
hepatocellular carcinoma (n = 8), hepatitis B cirrhosis without 
hepatocellular carcinoma (n = 3), autoimmune disease (n = 1), 
and Wilson's disease (n = 2). The transplant recipients were 
treated with conventional immunosuppressive therapy after 
transplantation. 

Complete wound healing was achieved in all 14 patients, 5 
of whom were treated in hospital and 9 as outpatients. The 
findings relating to time from transplantation to complete 
wound healing for all the cases and across type of lymphatic 
complications are provided in Table 2. The median duration 
between transplantation and application of negative pressure 
wound therapy was 20 days (range, 3 to 68 days), and the 
average total duration of negative pressure wound therapy was 
23 days (range, 11 to 42 days). In the 9 patients discharged 
with portable suction units, the average total duration of 
negative pressure wound therapy in the outpatient clinic was 
13 days (range, 7 to 21 days). The success rate in achieving 
complete resolution of lymphatic complications with negative 
pressure wound therapy was 100%, as no clinically detectable 
infection, bleeding or recurrence has been reported after an 
average follow-up of 27 months (range, 7 to 36 months). 

DISCUSSION 

Inguinal lymphatic complications have been reported after 
lymph node biopsy, arterial reconstruction, vascular can- 
nulation, saphenous vein harvest, and other procedures, and 
are usually attributed to damage during dissection in the 
region of the femoral neurovascular bundle without detailed 
ligation of small lymphatics [1-4,10]. Despite all efforts 
to prevent lymphatic complications, the overall reported 
incidence ranges from 1.2% to 5.1% [1,2,11,12]. Patients with 



Table 2. Results relating to the time from transplantation to complete wound healing 



Variable 


All 


Lymphorrhea (n = 11 


Lymphocutaneous fistula (n = 2) 


Lymphocele (n = 1] 


Surgery to application of NPWT (day) 


20 13-681 


20 (3-68) 


18(15-20) 


31 


Total duration of NPWT (day) 


23(11-421 


20(11-31) 


29(24-34) 


42 


Duratioo of in-patient NPWT treatment (day] 


15(7-24) 


14(7-24) 


15(13-17) 


21 


Duratioo of out-patient NPWT treatment 31 (day) 


13(7-21) 


12(7-14] 


14(7-21] 


21 


Duratioo of follow-up |mo| 


27 (7-36) 


26 (7-36) 


27 (23-30) 


35 



Values are presented as median (range]. 

NPWT, negative pressure wound therapy. 

sl Nine patients were discharged home with a portable suction unit. 
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lymphatic complications have increased length of hospital 
stay, ranging from 22 to 36 days, and significantly increased 
risk of wound infection, reportedly up to 18% [11,12], There- 
fore, uncontrolled lymphatic drainage can be the source of 
significant morbidity and mortality for critically ill patients. 

Although several therapeutic options have been described 
for the treatment of lymphatic complications, these options 
have variable degrees of success and there is no consensus 
in the literature regarding the preferred treatment [1], Non- 
operative recommendations have included bed rest, pro- 
phylactic antibiotics, and pressure dressings. This manage- 
ment results in extended hospital stays, increased cost, patient 
immobility, and risk of underlying wound infection [2]. Ope- 
rative modalities, involving early identification by surgical 
exploration and lymphatic ligation, have been advocated 
by some authors, but this exposes the patient to extensive 
dissection and another operation, which may increase the cost 
and duration of hospital stay [1,2,13,14]. Especially in liver 
transplant recipients with immunosuppresion, postoperative 
deterioration of liver function and poor nutritional status, the 
greatly increased risk of infection and bleeding, and delayed 
wound healing, also become significant issues when major 
surgical reinterventions are contemplated in these poor-risk 
patients. 

Since its introduction in 1995 as a wound treatment moda- 
lity, negative pressure wound therapy, creating a subatmo- 
spheric pressure with a vacuum-assisted closure device, has 
proved to be one of the most effective methods of mana- 
ging all types of wounds [1,2,6,15-19]. This dressing tech- 
nique consists of putting an open cell foam dressing into 
the wound cavity, connecting it to a vacuum pump with a 
tube and covering it with an adhesive drape [20]. Negative 
pressure wound therapy exposes the wound bed to a negative 
pressure able to remove fluid from the extravascular space 
along with inflammatory mediators, which are detrimental 
to wound healing, improves circulation and promotes wound 
healing and granulation tissue formation as well as reducing 
bacterial load [15-22]. Currently, it has been used for the 
traetment of pressure sores, stasis ulcers, chronic wounds 
such as dibetic foot ulcers, post-traumatic and postoperative 
wounds, infected wounds such as necrotizing fasciitis or 
sternal wounds, soft tissure injuries, bone-exposed injuries 
and abdominal open wounds, as well as for securing skin 
grafts [20]. Although many approaches for the treatment of 
lymphatic complications have been described, no one mode 
has clearly emerged as the best solution. Some authors have 
reported that negative pressure wound therapy is superior to 
conventional nonoperative or operative treatment modalities 
in the management of inguinal lymphatic complications [1- 
4], In our experience, negative pressure wound therapy results 



in rapid resolution of lymphatic complications, is amenable 
to outpatient management, and decreases the time to closure 
compared with existing treatment options and without the 
morbidity of an operative procedure. 

In our study, we achieved a success rate of 100% in ob- 
taining complete resolution of inguinal lymphatic complica- 
tions with negative pressure wound therapy in 14 liver tran- 
splant recipients. This method of management offers early 
control of fluid drainage, rapid control of the wound, earlier 
closure, and the potential for reduced length of stay, and 
eventually decreases the danger of significant morbidity and 
mortality for critically ill patients. Moreover, in appropriately 
motivated individuals, patient acceptance and convenience 
can be enhanced by outpatient management with small 
portable home devices and the ability to return to work [1]. 
Although we are not suggesting that negative pressure wound 
therapy should be the initial treatment option for lymphatic 
complications, our results suggest that it is a safe and effective 
alternative treatment option for failed, uncontrollable lymph- 
atic complications, especially in critically ill patients. 

In conclusion, negative pressure wound therapy is a safe 
and effective, readily-available treatment option that is less 
invasive than exploration and ligation of leaking lymphatics 
and provides easy control of drainage, and rapid wound 
closure. 
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